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SUMMARY:  25 

Here, we present a protocol to test glomerular permeability in mice using a highly sensitive, 26 

nonradioactive tracer. This method allows repetitive urine analyses with small urine volumes. 27 

 28 

ABSTRACT:  29 

The loss of albumin in urine (albuminuria) predicts cardiovascular outcome. Under physiological 30 

conditions, small amounts of albumin are filtered by the glomerulus and reabsorbed in the 31 

tubular system up until the absorption limit is reached. Early increases in pathological albumin 32 

filtration may, thus, be missed by analyzing albuminuria. Therefore, the use of tracers to test 33 

glomerular permselectivity appears advantageous. Fluorescently labeled tracer fluorescein 34 

isothiocyanate (FITC)-polysucrose (i.e., FITC-Ficoll), can be used to study glomerular 35 

permselectivity. FITC-polysucrose molecules are freely filtered by the glomerulus but not 36 

reabsorbed in the tubular system. In mice and rats, FITC-polysucrose has been investigated in 37 

models of glomerular permeability by using technically complex procedures (i.e., radioactive 38 

measurements, high-performance liquid chromatography [HPLC], gel filtration). We have 39 

modified and facilitated a FITC-polysucrose tracer-based protocol to test early and small 40 

increases in glomerular permeability to FITC-polysucrose 70 (size of albumin) in mice. This 41 

method allows repetitive urine analyses with small urine volumes (5 µL). This protocol contains 42 

information on how the tracer FITC-polysucrose 70 is applied intravenously and urine is collected 43 
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via a simple urinary catheter. Urine is analyzed via a fluorescence plate reader and normalized to 44 

a urine concentration marker (creatinine), thereby avoiding technically complex procedures.  45 

 46 

INTRODUCTION:  47 

Functional or structural defects within the glomerular filtration barrier increase glomerular 48 

permeability to albumin, resulting in the detection of albumin in the urine (albuminuria). 49 

Albuminuria predicts cardiovascular outcome and is an important marker for glomerular injury1. 50 

Even low levels of albuminuria, lying within the normal range, are associated with an increased 51 

cardiovascular risk1.  52 

 53 

Under physiological conditions, albumin is filtered through the glomerulus and is almost 54 

completely reabsorbed in the tubular system2,3. In mice, the detection of albumin in the urine is 55 

usually performed by an albumin enzyme-linked immunosorbent assay (ELISA) from 24 h of urine 56 

collection. If urine from a 24 h urine collection or spot urine is used, small differences in albumin 57 

concentrations may be missed due to assay sensitivity problems. Most researchers, therefore, 58 

use animal models in which albuminuria is induced by robust renal injury due to toxins, drugs, 59 

and renal surgery.  60 

 61 

Therefore, the finding of a sensitive method to detect small and transient changes in glomerular 62 

permeability is very important to the field. Rippe et al. have presented a rat model to test 63 

glomerular permeability by applying a fluorescently labeled tracer, namely FITC-polysucrose 70 64 

(i.e., FITC-Ficoll 70), at the size of albumin4. The tracer application allows the testing of short-65 

term changes in glomerular permeability (within minutes) and is very sensitive4. Two studies have 66 

used the tracer method in mice5,6. Despite its benefits, this method, unfortunately, has 67 

disadvantages: it is technically very complex, radioactive, and invasive. Further analysis of the 68 

urine is only accomplished by using gel filtration or size-exclusion HPLC5,6. 69 

 70 

Within this paper, we present an alternative, sensitive, nonradioactive, and fast method to 71 

measure glomerular permeability in mice using fluorescently labeled FITC-polysucrose 70. By 72 

introducing a transurethral catheter, urine collection is less invasive than bladder puncture, 73 

urethrotomy, and suprapubic catheter application, and allows urine collection at least every 30 74 

min. Urine analysis is performed from small amounts (5 µL) using a fluorescent plate reader. 75 

Tracer concentrations in the urine are normalized to creatinine concentrations in the urine using 76 

an enzymatic creatinine assay.  77 

 78 

Therefore, this novel method offers a sensitive tool to study early glomerular injury with 79 

increased glomerular permeability. 80 

 81 

PROTOCOL:  82 

The investigations were conducted according to the guidelines outlined in the Guide for Care and 83 

Use of Laboratory Animals (US National Institutes of Health Publication No. 85-23, revised 1996). 84 

All animal experiments were performed in accordance with the relevant institutional approvals 85 

(state government Landesamt für Natur, Umwelt und Verbraucherschutz [LANUV] reference 86 

number 84-02.04.2012.A397). 87 



 88 

1. Preparation of instruments, solutions, and equipment 89 

 90 

1.1. Reconstitute FITC-polysucrose 70 with 0.9% sterile sodium chloride (NaCl) to a final 91 

concentration of 10 mg/mL (i.e., 100 mg in 10 mL of NaCl). 92 

 93 

1.2. Dialyze FITC-polysucrose 70 solution to remove free FITC molecules overnight at 4 °C 94 

(molecular weight cut-off [MWCO] at 10,000). Use 1 L of 0.9% sterile NaCl per 10 mL of FITC-95 

polysucrose 70 under constant stirring. Protect from light. Aliquot the dialyzed FITC-polysucrose 96 

70 and store it at -20 °C. 97 

 98 

1.3. For the FITC-polysucrose 70 bolus, add 4 µL of 10 mg/mL FITC-polysucrose 70 solution to 996 99 

µL of 0.9% NaCl (the final concentration of FITC-polysucrose 70: 40 µg/mL). 100 

 101 

1.4. For the equilibration infusion solution, add 20 µL of a 10 mg/mL FITC-polysucrose 70 solution 102 

to 9.98 mL of 0.9% sterile NaCl yielding to a final concentration of 20 µg/mL. 103 

 104 

1.5. For the experimental solution, add drugs or substances to the infusion solution (e.g., for 105 

angiotensin II [Ang II] [100 ng/kg/min] for a 25 g mouse, add 3 µL of Ang II of a 1 mM solution). 106 

 107 

1.6. For the surgery, prepare one shaver, two surgical clamps, one pair of surgical scissors, two 108 

tweezers, two fine tweezers, one pair of fine scissors, and swabs. Prepare two 10 cm silk threads 109 

(4-0 to 6-0) for ligation procedures. 110 

 111 

1.7. For the placement of a central venous catheter, prepare a 10 mL syringe with a 21 G needle. 112 

Place the tip of the needle in a 30 cm-long catheter (with an inner diameter [ID] of 0.58 mm). 113 

Connect the 0.58 mm catheter to a 10 cm catheter (with an ID of 0.28 mm). Cut the tip of the 114 

smaller catheter oblique to create a sharp tip that is introduced into the jugular vein. 115 

 116 

1.8. Prepare the anesthesia (i.e., intraperitoneal anesthesia ketamine, 100 mg/kg of body weight, 117 

and xylazine, 5 mg/kg of body weight). 118 

 119 

1.9. Prepare a 22 G angiocatheter by discarding the needle and marking the catheter 1 cm from 120 

the tip. Preheat the heating pad to 37 °C. 121 

 122 

1.10. Prepare a blood pressure device and change the blood-pressure-measuring membrane if 123 

necessary. 124 

 125 

2. Preparation phase 126 

 127 

2.1. Urinary catheter 128 

 129 

NOTE: Section 2.1 follows the protocol as described by Reis et al.7. Figure 1 and Supplemental 130 

Figure 1 show the placement of a urinary catheter in female mice. 131 



 132 

2.1.1. Anesthetize the mouse with ketamine/xylazine (see step 1.8). Use the toe-pinch test to 133 

confirm proper anesthesia. To maintain anesthesia, repeat the anesthesia (e.g., with half the 134 

dosage) after 60 min. 135 

 136 

NOTE: Female FVB mice are used in this protocol. 137 

 138 

2.1.2. Position the mouse in dorsal recumbency on a 37 °C heating pad. Tighten the lower 139 

abdomen and find the urethral ostium (e.g., under a microscope). 140 

 141 

2.1.3. Use the plastic part of the catheter of a 22 G angiocatheter and lubricate it with xylocaine 142 

gel. Introduce it carefully 3 mm into the urethral ostium while paralleling the distal urethral axis 143 

(Figure 1A). 144 

 145 

2.1.4. Turn the top of the angiocatheter 180° by keeping the tip within the urethral ostium and 146 

maintaining the axis of the urethra (Figure 1B). 147 

 148 

2.1.5. Introduce the catheter 7 mm further into the mouse so that it is placed within the bladder 149 

(Figure 1C). Do not force the catheter beyond resistance. Correct the position of the catheter 150 

from the beginning if resistance is felt. Take note that if the position of the urinary catheter is 151 

correct, urine might already appear within the catheter. 152 

 153 

2.1.6. Place a 1.5 mL brown tube over the top of the angiocatheter to collect the urine. Apply 1 154 

mL of 0.9% NaCl intraperitoneally to enhance urine production. 155 

 156 

2.2. Central venous catheter  157 

 158 

2.2.1. Shave the neck of the mouse and place it in recumbency with the head toward the surgeon. 159 

Hyperextend the head of the mouse with a tape. 160 

 161 

2.2.2. Disinfect the neck with 70% isopropanol. Make a small skin incision (5 mm) below the 162 

jawline, using a tweezer and a pair of scissors. Cut the skin approximately 1 cm in the direction 163 

of the sternum until the middle of the sternum is reached.  164 

 165 

2.2.3. Carefully dissect the skin on the left side of the neck, using a pair of scissors. Make a 166 

rectangular incision of the skin to the right side of the mouse to expose the soft tissue of the 167 

neck. Use a pair of scissors and a tweezer. Fix the skin flaps with two clamps. 168 

 169 

NOTE: The jugular vein runs along the left side of the thyroid gland or is slightly covered by the 170 

right lobe of the thyroid gland. After this step, use a microscope for surgery. 171 

 172 

2.2.4. Carefully expose the jugular vein by blunt preparation, using the tip of the fine tweezer. 173 

Avoid injury to vein branches. 174 

 175 



NOTE: It might be necessary to remove tissue with fine scissors. Be careful when using scissors 176 

to remove tissue as it increases the risk of bleeding. 177 

 178 

2.2.5. Place and close a ligature with a silk thread (4-0 to 6-0) at the distal part of the visible 179 

jugular vein (toward the head of the mouse). Put tension on the ligature by fixing the silk thread 180 

with a tape to ensure slight tension on the jugular vein. Prepare a ligature around the proximal 181 

part of the jugular vein. 182 

 183 

2.2.6. Fill the catheter with the equilibration infusion solution (see step 1.4) and fix the catheter 184 

with a tape so that the catheter is aligning the jugular vein. Control for bubbles to avoid air 185 

embolism. 186 

 187 

2.2.7. Lift the jugular vein with fine tweezers at the site of insertion (the insertion site is 1–2 mm 188 

proximal of the ligature). Align the tubing parallel to the jugular vein. Puncture the jugular vein, 189 

aiming for the lumen, and insert for approximately 2–4 mm, paralleling the axis of the jugular 190 

vein. Avoid any brisk movements.  191 

 192 

2.2.8. Close the ligature to fix the catheter. Control for tightness of the ligature by carefully 193 

viewing through the microscope. Put a damp swab over the site of surgery. 194 

 195 

2.3. Blood pressure measurement 196 

 197 

2.3.1. Place the tail-cuff at the bottom of the mouse tail while the mouse lays in dorsal 198 

recumbency. Start the measurements and repeat them 10x per time point. Build a mean from 199 

the measurements. 200 

 201 

2.3.2. Adjust the position of the tail-cuff if blood pressure measurements do not seem correct 202 

and false data are produced. 203 

 204 

3. Equilibration phase 205 

 206 

3.1. Change the urinary collection tube before the equilibration phase starts and place it on ice 207 

(urine 0 min). 208 

 209 

3.2. Introduce a 10 mL syringe filled with FITC equilibration phase solution (see step 1.4) with a 210 

21 G needle and the larger catheter (with an ID of 0.58 mm) and place it into the syringe pump. 211 

 212 

3.3. Fold a swab and put it around the small-vessel catheter (with an ID of 0.28 mm) that is 213 

introduced into the jugular vein. Lay the catheter inside the swab. Place a clamp over the swab 214 

to abolish retrograde blood flow or air embolism. Connect a 27 G needle with a 1 mL syringe filled 215 

with the FITC bolus to the end of the small-vessel catheter.  216 

 217 



3.4. Open the clamp and apply the FITC bolus (100 µL). Close the clamp again and connect the 218 

larger catheter with the smaller catheter. Start the syringe pump with 0.008 mL/min (0.480 219 

mL/h). Continue the infusion for 60 min. 220 

 221 

4. Experimental phase 222 

 223 

NOTE: In this phase, the effect of drugs on glomerular permselectivity can be investigated. 224 

 225 

4.1. Change the urinary tube (time point 0 min) to another 1.5 mL brown tube. Put a swab around 226 

the small-vessel catheter and close a clamp as indicated in step 3.3.  227 

 228 

4.2. Disconnect the large catheter from the small-vessel catheter. Change the syringes to the 229 

experimental phase solutions (see step 1.5). Let the infusion pump run so that the large catheter 230 

is filled with the equilibration solution. 231 

 232 

4.3. Reconnect the catheters while avoiding air embolism and reopen the clamp. Start the syringe 233 

pump at 0.008 mL/min.  234 

 235 

4.4. Continue running the syringe pump for 60 min and collect the urine within the urinary tube 236 

thereafter (urine 60 min). Place the urine tube on ice. 237 

 238 

4.5. Sacrifice the mouse by decapitation during anesthesia. 239 

 240 

5. Urine analysis 241 

 242 

5.1. Fluorescence measurement 243 

 244 

5.1.1. Thaw the urinary pool and dilute it 1:10 with phosphate-buffered saline (PBS). 245 

 246 

NOTE: The urinary pool is a pool of urine that has been collected from healthy mice in a 12–24 h 247 

urine collection in a metabolic cage. 248 

 249 

5.1.2. Prepare standards for the fluorescence measurement. Take 10 brown 1.5 mL tubes and 250 

label them for blank (1:10 diluted urine pool) and the following FITC-polysucrose 70 251 

concentrations (0.625, 1.25, 2.5, 5, 10, 20, 40, 80, and 160 µg/mL). 252 

 253 

5.1.3. Pipet 246 µL of diluted urine pool into a 1.5 mL brown tube and add 4 µL of the FITC-254 

polysucrose 70 stock concentration (see step 1.1) to get a final concentration of 160 µg/mL FITC-255 

polysucrose 70. Pipet 100 µL of the diluted urine pool into all other tubes. 256 

 257 

5.1.4. Dilute 1:2 by pipetting 100 µL of the 160 µg/mL FITC-polysucrose 70 tube into the 80 µg/mL 258 

tube and continue with the other concentrations. Assure proper mixture of the diluted 259 

concentrations (e.g., by vortexing the tube before continuing). 260 

 261 



5.1.5. Dilute the mouse urine samples (0 min, 60 min) 1:10 with diluted urinary pool. 262 

 263 

5.1.6. Pipette 5 µL of each standard FITC-polysucrose 70 concentration and of the mouse urine 264 

samples as triplicates in a black 384-well plate. Centrifuge the plate at 1,000 x g for 15 s to avoid 265 

bubbles. 266 

 267 

5.1.7. Analyze the 384-well plate in a plate reader. Perform excitation at 496 nm and measure 268 

the fluorescence at 525 nm. 269 

 270 

5.2. Creatinine measurement 271 

 272 

5.2.1. Follow the manufacturer’s instructions. In brief, prepare creatinine standards by diluting 273 

10 µL of the 100 mM creatinine standard solution with 990 µL of creatinine assay buffer to 274 

prepare a 1 mM standard solution.  275 

 276 

5.2.2. Add 0, 2, 4, 6, 8, and 10 µL of the 1 mM creatinine standard solution into a 96-well plate to 277 

generate 0, 2, 4, 6, 8, and 10 nmol/well standards, respectively. Add creatinine assay buffer to 278 

each well to bring the volume to 50 µL. 279 

 280 

5.2.3. Prepare the reaction mixes by adding 42–44 µL of creatinine assay buffer, 2 µL of 281 

creatinase, 2 µL of creatininase, 2 µL of creatinine enzyme mix, and 2 µL of creatinine probe. For 282 

the blank, use 44 µL of creatinine assay buffer, 2 µL of creatinase, 2 µL of creatinine enzyme mix, 283 

and 1–2 µL of creatinine probe.  284 

 285 

5.2.4. Add 50 µL of the appropriate reaction mix to each well in the 96-well plate and incubate it 286 

for 60 min on a horizontal shaker at 37 °C. Protect the plate from light during the incubation. 287 

Measure the absorbance at 570 nm on a plate reader. 288 

 289 

5.2.5. Calculate the creatinine concentrations by subtracting the blank value from all readings. 290 

The result will have the unit nanomoles/microliter. Multiply the concentration of creatinine by 291 

the molecular weight of creatinine (113.12 ng/nmol) to receive the unit nanograms/microliter. 292 

 293 

6. Data analysis 294 

 295 

6.1. Calculate the FITC-polysucrose 70 urine concentration from the standard curve.  296 

 297 

6.2. Reference the FITC-polysucrose 70 urine concentrations to creatinine concentrations in the 298 

representative urine sample. 299 

 300 

6.3. Reference the urine 60 min samples to urine 0 min samples of controls and treated mice. 301 

 302 

REPRESENTATIVE RESULTS:  303 

As depicted in Figure 2, the method to test glomerular permeability in mice is built up in three 304 

phases. The first phase is called the preparation phase, in which a urinary catheter and a central 305 



venous catheter are placed. The second phase is called the equilibration phase, starting with an 306 

intravenous bolus injection of FITC-polysucrose 70 and followed by the continuous infusion of 307 

FITC-polysucrose 70 for 60 min. The last phase is called the experimental phase. In this phase, 308 

the infusion of FITC-polysucrose 70 is continued and drugs or other substances can be tested for 309 

influencing glomerular permeability. Urine is collected at the end of each phase.  310 

 311 

To investigate glomerular permeability within this tracer model, it is essential to place a urinary 312 

catheter properly and without injuring the mucosa. The placement of a urinary catheter into a 313 

female mouse bladder is demonstrated in Figure 1. The catheter is placed 3 mm into the urethral 314 

ostium, parallel to the craniocaudal urethral axis (Figure 1A). The catheter is turned 180° toward 315 

the tail of the mouse (Figure 1B) and introduced 7 mm further into the bladder, parallel to the 316 

murine spine (Figure 1C,D). 317 

 318 

As described above, previous methods to test glomerular permeability in mice used HPLC to 319 

purify FITC-polysucrose 70 signals from urine samples5,6. As this method uses fluorescence 320 

measurement without a previous purification of the tracer, PBS, mouse urine, and FITC-321 

polysucrose 70 in mouse urine were analyzed. Figure 3A shows the fluorescence scan of PBS with 322 

a fluorescence peak at 325 nm, which seems to be an effect of the excitation flash at 290 nm. 323 

The fluorescence scan of native mouse urine shows a fluorescence maximum at 395 nm (Figure 324 

3B). FITC-polysucrose 70 dissolved in mouse urine displays a fluorescence maximum at 525 nm 325 

(Figure 3C,D). Figure 3C shows that mouse urine does not disturb the fluorescence measurement 326 

of FITC-polysucrose 70 in mouse urine. Increasing concentrations of FITC-polysucrose 70 show an 327 

increased fluorescence intensity (Figure 3E). 328 

 329 

To prove that this method is capable of detecting differences in glomerular permeability, Ang II 330 

was applied in the experimental phase of the model. Ang II increased the glomerular permeability 331 

in mice 60 min after a continuous administration in nonblood-pressure-relevant dosages (Figure 332 

4A,B). The increase in glomerular permeability due to Ang II could be blocked by an Ang II-333 

receptor blocker (ARB), namely candesartan (Figure 4A). Ang II washout decreased glomerular 334 

permeability (Figure 4A). Blood pressure was measured via the tail-cuff method and did not show 335 

significant differences between the groups (Figure 4B). Polysucrose 70- and FITC-polysucrose 70-336 

infused animals serve as controls for FITC-polysucrose 70- and Ang II-treated animals (Figure 4C).  337 

 338 

FIGURE LEGENDS:  339 

 340 

Figure 1: Placement of a urinary catheter in female mice. Lateral view of the mouse abdomen. 341 

(A) The marked and lubricated catheter is introduced 3 mm into the external urethral ostium of 342 

a female mouse. The craniocaudal axis of the urethra is paralleled with the catheter. Careful 343 

tension on the lower abdomen with the left index finger facilitates the introduction of the 344 

catheter into the external urethral ostium. (B) The catheter is turned 180° toward the tail of the 345 

mouse. The tip of the catheter remains 3 mm within the external urethral ostium. (C) The 346 

catheter is now introduced 7 mm further into the bladder. The direction of the catheter is aligned 347 

with the murine spine. (D) Ventral view of the mouse abdomen. The catheter is placed 10 mm 348 

into the mouse. (E) Urine appears with a correct insertion into the bladder. 349 



 350 

Figure 2: Schematic illustration of the experimental procedures on a timeline. After narcosis of 351 

the mouse, a urinary catheter is placed. The central venous catheter is implanted and baseline 352 

urine is obtained (0 min). Afterward, the FITC-polysucrose 70 bolus is applied via the central 353 

venous catheter and a continuous infusion of FITC-polysucrose 70 is started. The equilibration 354 

phase for FITC-polysucrose 70 lasts 60 min. Urine is collected after the equilibration phase (0 min) 355 

and before the experimental phase starts. Within this phase, drugs or other substances (like 356 

angiotensin II) can be applied. At the end of the experimental phase, urine is obtained for analysis 357 

(60 min). 358 

 359 

Figure 3: Fluorescence of PBS and mouse urine with and without FITC-polysucrose 70. (A) 360 

Fluorescence frequency scan (excitation of 290 nm, emission of 325–700 nm) of PBS shows a 361 

signal at 325 nm, which seems to be an effect of the excitation flash at 290 nm. (B) In the 362 

frequency scan of mouse native urine (urine pool diluted at 1:10 and 1:20), there is a signal with 363 

a maximum at 395 nm, probably caused by urinary protein autofluorescence. (C) Mouse urine 364 

containing FITC-polysucrose 70 (40 µg/mL) shows a signal peak at 525 nm that does not interfere 365 

with the measurement of the urine autofluorescence. (D) Magnification of the FITC-polysucrose 366 

70 fluorescence peak depending on the emission wavelength. Different concentrations of FITC-367 

polysucrose 70 (1.25, 2.5, 5, 10, 20, and 40 µg/mL) are displayed. (E) Increasing FITC-polysucrose 368 

70 concentrations show an increase of fluorescence intensity at the emission of 525 nm.  369 

 370 

Figure 4: Angiotensin II (Ang II) increases glomerular permeability. (A) Ang II significantly 371 

increases the glomerular permeability in mice, measured by FITC-polysucrose 70 detection in the 372 

mice’s urine (mean + SEM; n = 5; p < 0.004, tested by Kruskal–Wallis test). FITC-polysucrose 70 373 

concentrations in the urine were referenced to urine creatinine concentrations. The white 374 

columns (0 min) represent FITC-polysucrose 70 levels before the start of Ang II stimulation, the 375 

black columns (60 min) represent FITC-polysucrose 70 levels 60 min after the start of Ang II 376 

stimulation, and the grey columns (120 min or +60 min) after an additional 60 min of Ang II 377 

stimulation or 60 min of Ang II washout. (B) Systolic blood pressure was monitored by the tail-378 

cuff method (mean + SEM). No significant blood pressure differences between the control and 379 

Ang II-treated groups were noted. (C) Polysucrose 70 and FITC-polysucrose 70 do not alter 380 

glomerular permeability in mice significantly. Ang II increases glomerular permeability in mice 381 

significantly (mean + SEM; n = 7, p < 0.005). This figure has been modified from Konigshausen et 382 

al.8. 383 

 384 

Supplemental Figure 1: Schematic diagram of the placement of a urinary catheter in female 385 

mice. Lateral view of the mouse abdomen. (A) The marked and lubricated catheter is introduced 386 

3 mm into the external urethral ostium of a female mouse. The craniocaudal axis of the urethra 387 

is paralleled with the catheter. Careful tension on the lower abdomen with the left index finger 388 

facilitates the introduction of the catheter into the external urethral ostium. (B) The catheter is 389 

turned 180° toward the tail of the mouse. The tip of the catheter remains 3 mm within the 390 

external urethral ostium. (C) The catheter is now introduced 7 mm further into the bladder. The 391 

direction of the catheter is aligned with the murine spine. (D) Ventral view of the mouse 392 

abdomen. The catheter is introduced 3 mm into the external urethral ostium of a female mouse. 393 



(E) After the catheter is turned 180°, it is introduced 7 mm further into the mouse bladder. The 394 

direction of the catheter is aligned with the murine spine. This figure has been modified from 395 

Reis et al.7. 396 

 397 

DISCUSSION:  398 

The presented method enables the investigator to test glomerular permeability in mice in a very 399 

sensitive manner using a tracer. With this method, short-term increases in glomerular 400 

permeability can be diagnosed using only small amounts of urine. The most critical steps for 401 

successfully mastering this technique are 1) developing manual expertise in mouse surgery, 402 

especially in the cannulation of a central vein, 2) placing the urinary catheter without harming 403 

the mucosa, and 3) manual expertise in handling 384-well plates with small volumes of samples. 404 

 405 

When placing the central venous catheter, it is essential that the catheter does not penetrate the 406 

jugular vein. To avoid penetration, we recommend putting tension on the jugular vein with a 407 

distal ligature (see step 2.2.7) and to lift the jugular vein with fine tweezers to extend the lumen 408 

of the jugular vein. To keep the insertion site small, try to avoid gross movements while inserting 409 

the catheter and always ensure the best view of the surgical field by removing extra tissue. The 410 

most critical step in the placement of the urinary catheter is the final insertion into the bladder. 411 

If resistance is felt, we recommend starting over from the beginning in order not to cause false 412 

tracks and injury to the mucosa. Catheter rotation, lubrication, and gentle movements, as well as 413 

training, help in difficult cases7.  414 

 415 

FITC-polysucrose 70 is a fluorescently labeled, branched, and cross-linked polymer of sucrose and 416 

epichlorohydrin9. It behaves in solution as a globular molecule with a spherical shape and with a 417 

low shape asymmetry but with a molecular deformability9. Like other sucrose molecules, FITC-418 

polysucrose 70 is filtered by the glomerulus and not reabsorbed in the tubular system4. To avoid 419 

free FITC molecules in the infusion, we dialyzed the FITC-polysucrose 70 solution before 420 

application to the mice. It is possible to store dialyzed FITC-polysucrose 70 molecules at -20 °C 421 

for months. As FITC-polysucrose 70 is applied intravenously in this and other protocols, it is 422 

essential that no blood contaminates the urine samples. Therefore, the urinary catheter needs 423 

to be placed with caution and anticoagulant substances within the experiment should be 424 

avoided. The standard curve for FITC-polysucrose 70 is dissolved in mouse urine pool to get the 425 

most accurate results. Due to concentration differences in the urine at different experimental 426 

time points and between groups, FITC-polysucrose 70 concentrations need to be referenced to a 427 

marker in the urine that reflects urine concentration (e.g., creatinine). Interference of FITC-428 

polysucrose 70 fluorescence with the measurement of creatinine in an enzymatic assay is 429 

unlikely.  430 

 431 

The analysis of FITC-polysucrose 70 fluorescence should be performed in black 384-well plates as 432 

small urine volumes of 5 µL can be measured in these plates. We do not recommend reusing the 433 

same wells within the 384-well plates, even after washing the plates, as fluorescence is still 434 

measurable. As bubbles interfere with the fluorescence reading, the plates should be centrifuged 435 

before analysis. Alternatively, bubbles can be destroyed manually with the tip of a pipette. 436 

 437 



The use of polysucroses to test glomerular permselectivity was described almost 40 years ago10. 438 

Fluorescently labeled polysucrose has been investigated in glomerular injury studies almost 439 

exclusively in rats in the past years4,11–20. This may have anatomical reasons due to easier surgical 440 

procedures in rats than in mice. In rats, urethrotomy is used to obtain urine samples4,5,9,12–14,21. 441 

To analyze plasma and urine samples, probes are subjected to high-performance size exclusion 442 

chromatography4,5,9,12–14,21. In addition, the glomerular filtration rate (GFR) is measured by 443 

radioactive 51Cr-ethylenediamine tetraacetic acid (EDTA)4,5,9,12–14,21. Two previous studies have 444 

applied FITC-polysucrose 70 in mice5,6. In mice, a suprapubic urinary catheter is introduced into 445 

the bladder6,20. Urinary and plasma probes are subjected to gel filtration before the analysis of 446 

FITC-polysucrose 70 fluorescence. Similar as in rats, GFR was analyzed via radioactivity6,20. The 447 

second publication concerning the application of FITC-polysucrose 70 in mice uses a model of 448 

peritoneal permeability and, therefore, did not analyze mouse urine for FITC-polysucrose 70 449 

fluorescence22. The presented method was, therefore, modified to facilitate urine sampling and 450 

analysis. Urine samples can be easily obtained through a noninvasive transurethral urinary 451 

catheter. Urine analysis for FITC-polysucrose 70 fluorescence is performed without any previous 452 

high-performance size exclusion chromatography or gel filtration. By referencing FITC-453 

polysucrose 70 fluorescence to mouse urine creatinine, the measurement of GFR with a 454 

radioactive assay is not needed.  455 

 456 

Increases in blood pressure enhance glomerular permeability. Therefore, blood pressure 457 

monitoring is essential whilst investigating glomerular permeability. The most accurate blood 458 

pressure measurements in mice are performed via a central arterial catheter23 needing 459 

heparinization of the catheter to prevent clotting. We have experienced problems with 460 

hematuria after low-dose heparinization and urinary catheter placement. Therefore, we decided 461 

to perform the tail-cuff technique to measure blood pressure, which is noninvasive and does not 462 

need heparinization. Depending on the depth of anesthesia, blood pressure monitoring with the 463 

tail-cuff method is sometimes challenging. Blood pressure membranes need to be checked in 464 

advance and the position of the mouse should be optimized before blood pressure recording.  465 

 466 

In addition to challenges in blood pressure measurement, this technique is also limited by 467 

producing arbitrary units of FITC-polysucrose 70. So far, this technique has only been investigated 468 

in animals and, therefore, its relevance to the human glomerular filter is still unknown. Time 469 

intervals to investigate increases in glomerular permeability depend on mouse urine production. 470 

Therefore, very short-term increases in glomerular permeability (in minutes) may be missed due 471 

to the lack of mouse urine production. In this protocol, FITC-polysucrose 70 is normalized to urine 472 

creatinine, which is removed from the blood mainly via glomerular filtration, but also by proximal 473 

tubular secretion. This will introduce an error when estimating glomerular permeability using this 474 

method, reducing the measured fractional clearance of polysucrose24. 475 

 476 
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Motic SMZ168 BL Motic SMZ168BL microscope for mouse surgery
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Durotip Feine Scheren

Braun, 

Aesculap BC210R for neck cut

Anatomische Pinzette

Braun, 

Aesculap BD215R for surgery 

Präparierklemme Aesculap BJ008R for surgery 

Seraflex

Serag 

Wiessner IC108000 silk thread

Ketamine 10% Medistar anesthesia

Rompun (Xylazin) 2% Bayer anesthesia
Fine Bore Polythene Tubing ID 0.28mm 

OD 0.61mm Portex 800/100/100 Catheter
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OD 0.96mm Portex 800/100/200 Catheter

Harvard apparatus 11 Plus

Harvard 

Apparatus 70-2209 syringe pump

BD Insyte Autoguard BD 381823  urinary catheter

Multimode Detector DTX 880

Beckman 

Coulter plate reader

384 well microtiterplate Nunc 262260 384 well platte

Creatinine Assay Kit

Sigma-

Aldrich MAK080 to measure creatinine concentration

96 well plate Nunc 260836 for creatinine assay 
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FITC-labeled polysuccrose 70

TBD 

Consultanc
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Angiotensin II
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Aldrich A9525 used to test glomerular permeability

BP-98A Softron for blood pressure measurement

OTS 40.3040 Medite 01-4005-00 heating plate for mouse surgery

Instillagel 6mL

Farco-

Pharma 

GmbH for urinary catheter

Exacta Aesculap GT415 shaver
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Response: Thank you for your helpful comment. We added the molecular weight cut-off 

(10.000 Da) to point 1.2). 
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9. Figure 4: Please define error bars in the figure legend. 

Response: Thank you for pointing this out. We have defined the error bars in figure 4 within 

the figure legend.  

 

10. Figure 4: As this figure was modified from a previous publication, it must be cited 

appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].” 

Response: Thank you for this well taken point. We have added “This figure has been 

modified from [citation]” to figure 4. 

 

Reviewer #1 

Major concerns 

1. The equilibration and experimental periods are much longer than that in in rats (ref 4). I 

guess that the longer times were chosen in order to achieve a sufficient amount of urine for 

analysis. However, this limits the method in that transient increases in glomerular 

permeability may not be accurately detected. This limitation should be mentioned in the 

Discussion. 

Response: Thank you for this well taken point. We added this point to the discussion section. 

Shorter time intervals could be chosen depending on urine output, e.g. 30 minutes time 

points. 

 

2. Creatinine is removed from the blood mainly via glomerular filtration, but also by proximal 

tubular secretion. This will introduce an error when estimating glomerular permeability using 

this method, reducing the measured fractional clearance of Ficoll. This limitation should be 

mentioned in the Discussion. 

Response: Thank you very much for this helpful comment. We have added this comment to 

the discussion section.  
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Minor concerns 

3. The authors could consider re-phrasing the first sentence in the introduction to be more 

general, e.g. to "Structural or functional alterations ...". Emerging evidence support the 

concept that cytoskeletal alterations within the cellular components (podocytes and ECs) of 

the glomerular filtration barrier (GFB) are key to explain the observed alterations in 

permeability occurring, for example those occurring during angiotensin II stimulus (ref 4). 

Such alterations may indeed be of a physiological or functional nature (e.g. proteinuria 

occurring after exercise) rather than being "defects" per se. 

Response: Thank you for this helpful comment. We have added functional changes to the 

first sentence of the introduction. 

 

4. Page 2 row 77: change "smallest" to "small". 

Response: Thank you. We have changed smallest to small. 

 

Reviewer#2 

Major concerns: 

1. This technique is completely dependent on the fluorescent readout of Ficoll-70 for relative 

changes. For figure 3, the authors state "the detector …is overdriven so that the diagram 

depicts a nick". I do not understand this at all. It appears to me that this "nick" is in the crucial 

part of the graph and that the important data is missing. Until this can be clarified, and a 

representative graph of the actual data is shown, this is unpublishable. 

Response: Thank you for this well taken point. We have repeated the fluorescence scan of 

with urine pool probes (diluted 1:10 and 1:20 in PBS) and urine pool probes (1:10 in PBS) 

with increasing concentrations of FITC-Ficoll 70 (see figure 3 B+C). Figure 3B depicts the 

diluted urine pool fluorescence intensity depending on the wavelength. The peak auto 

fluorescence of the urine pool is at 365 nm. Figure 3C shows the peak fluorescence of urine 

at 365 nm and the FITC-Ficoll 70 fluorescence peak at 525 nm. Figure 3D shows only the 

FITC-Ficoll 70 fluorescence peak at 525 nm. Different concentrations of FITC-Ficoll 70 show 

increased fluorescence intensity measured with an emission at 525 nm (Figure 3E). 

 

2. FITC as a conjugate is notoriously prone to detachment. The authors have attempted to 

remove free FITC dye, but have not demonstrated success. Also the amount of free dye as a 

consequence of being kept in the freezer over time was not considered or measured. These 

need to be addressed. 

Response: Thank you for this well taken point. The manufacturer states concerning the 

stability of FITC-Ficoll (polysucrose) that the thiocarbamoyl linkage of fluorescein moiety and 



  

5 
 

Polysucrose is similar of the linkage to dextran. “The stability of FITC-dextran is in vivo and in 

vitro. Only at elevate pH (> 9) and elevated temperatures is there a risk for hydrolysis of the 

fluorescein label. Studies at 37 °C in rabbit plasma, muscle homogenate, liver homogenate 

and urine established that FITC-dextrans are stable for at least 3 days. No changes in the 

mol.wt and no release of fluorescein moieties was noted (Data sheet FITC dextran and FITC-

polysucrose, TdB consultancy).” To address your questions we dialyzed FITC-Ficoll 70 and 

measured FITC-fluorescence in the dialysate. In addition, we performed a freeze and thaw 

cycle FITC-Ficoll 70 and dialyzed again to address the question whether the freeze and thaw 

cycle would affect hydrolysis of the fluorescence linkage to Ficoll. Fluorescence was again 

measured in the dialysate. We could only detect less than 1 ‰ of the FITC-Ficoll 70 probe in 

the dialysate. 

 

3. The purpose of this adapted assay is to reduce technically complex alternative 

procedures. Authors very briefly describe the Rippe et al. method and list its disadvantages, 

ie. technically complex, radioactive, and invasive. However, because the authors do not 

discuss in any detail what this method involves, it's difficult to see how their method is less 

technically complex and invasive, particularly since the authors method involves surgical 

techniques that require precision, as they discuss in the discussion (331-333).  

Response: Thank you for your comment. We have added a paragraph discussing the 

published methods in more detail and pointing out the advantages of the presented method. 

 

4. The authors have not attempted to compare the changes that they have measured to what 

they would expect, based on the assay by Rippe et al or elsewhere in the literature. This is 

critical. The title suggests that this assay is "highly sensitive" but there is no evidence of this. 

Response: Thank you for this comment. We have performed urine analysis with the albuwell 

assay and found that albumin/creatinine ratios do not differ significantly between 0 and 60 

minutes in control and Ang II treated animals (Figure 1A for reviewers). Figure 1B for 

reviewers shows the albumin/creatinine ratio normalized to 0 minutes. Figure 1C for 

reviewers shows FITC-Ficoll 70 fluorescence/creatinine ratios for control and Ang II treated 

animals. Ang II treated animals display a significant increase compared to controls (3.9 times 

increase in Ang II treated animals compared to 1.3 times increase in control animals). 

Compared to data published in literature we studied changes in glomerular permeability. 

However, the assay published by Rippe and Haraldsson investigated the sieving coefficient. 

Direct comparison is therefore not applicable. We followed your suggestions using the 

DiaComp recommendations and used albuwell (see point Minor concerns 1). 
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Minor concerns: 

1. Creatinine measurements are not ideal (and therefore not robust). DiaComp guidelines 

should be followed. 

Response: Thank you for your comment. Creatinine measurements are not ideal as there is 

up to 30% tubular secretion in female mice (Eisner et al., Major contribution of tubular 

secretion of creatinine clearance in mice, Kidney Int. 2010). We checked the DiaComp 

website aiming to find guidelines, however we only found a protocol to measure creatinine in 

the urine using the Jaffé reaction. As shown in figure 2A increasing FITC-Ficoll 70 

concentrations in the urine increase creatinine concentrations significantly when Jaffé 

reaction is used. We therefore performed an enzymatic creatinine measurement that does 

not interfere with FITC-Ficoll 70 in the urine (Figure 2B). We also followed the DiaComp 

protocol to measure albuminuria in mice using the albuwell assay (see Reviewer 2 major 

concerns point 4). 

 

2. The authors need to prove that the Ficoll does not interfere with the creatinine assay 

rather than just assume that it is "unlikely". 

Response: Thank you for pointing this out. We have measured creatinine concentrations of 

urine pool probes (1:10) with different FITC-Ficoll 70 concentrations. FITC-Ficoll 70 

concentrations do not interfere with the enzymatic creatinine assay kit (Figure 2B for 

reviewers). However, FITC-Ficoll 70 concentrations (80 and 160 µg/mL) increase creatinine 

concentrations significantly that have been measured with the Jaffé reaction (Figure 2A for 

reviewers). 

 

3. In the introduction, authors suggest that "researchers use animal models in which 

albuminuria is induced by robust renal injury due to toxins, drugs and renal surgery. 

However, induction of this type of renal injury often goes along with extreme stress to the 

animals". Stress to the animals would not be alleviated by this approach; long term 

investigations would still need to be done (and I would suggest that the stress is moderate, 

not extreme). It does not follow that a sensitive assay would negate the need for these 

models, just the need to measure albuminuria. This sentence is not relevant. 

Response: Thank you for your comment. We have deleted the sentence within the 

introduction section. 

 

4. Check point 1.4: final concentration of FITC Ficoll 70 would be 50 µg/ml not 40 µg/ml. 

Response: Thank you for this helpful comment. We have changed the volumes so that the 

final concentration is 40 µg/ml. 
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5. Define "urinary pool". Is this urine without FITC Ficoll? There are two time points. How 

long is the urine collected for at each of these time points? The detail is lacking and it makes 

it difficult to understand. How does 4µl of a 10mg/ml FITC-Ficoll stock solution (i. e 4 µg), 

added to 250 µl urine equate to 160 µg/ml final concentration FITC Ficoll? By my calculations 

this gives 16 µg/ml. 

Response: Thank you for bringing this up. A urinary pool is urine from 12-hour urine 

collection of healthy mice that is pooled. The urine is collected for 60 minutes after bolus 

injection (urine 60 min, equilibration phase). The urine is collected for further 60 minutes 

during the experimental phase (urine 120 min).  

Concerning the concentration for the FITC-Ficoll 70 standards: 4 µl of a 10 mg/ml FITC-Ficoll 

70 stock solution is equivalent to 40 µg FITC-Ficoll 70. If 40 µg of FITC-Ficoll 70 is added to 

250 µl urine, the concentration is equal to 160 µg/mL. 

 

6. Is 5.1.3 adding detail to 5.1.2? This is also unclear. 

Response: Thank you for your comment. 5.1.2. describes how standard tubes are labeled. 

5.1.3. describes how the standard 160 µg/mL is achieved. If this is confusing, we could 

combine both points. 

 

7. The resolution of all of the figures is poor and needs improvement. 

Response: Thank you for your helpful comment. We have assured high resolution of the 

figures. 

 

8. Some errors in word usage and confusing sentences are present. They are listed below by 

line number: 

48 Use of alternative is not necessary 

Response: Thank you for your comment. We have changed the sentence accordingly. 

 

52-55 These two sentences seem to be saying the same thing. If they are not, it's not clear 

how they are different. 

Response: Thank for your helpful comment. We have deleted the word discrete within the 

first sentence. This hopefully helps to clarify our point. Albuminuria is a marker for 

cardiovascular outcome and glomerular injury. But albuminuria <30 mg/gC, i.e. in the normal 

range, is also associated with cardiovascular risk. 

 

75-77 The lack of commas makes it unclear what this sentence is saying. Perhaps a comma 
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after suprapubic catheter application would help. 

Response: Thank you for pointing this out. We have added a comma after suprapubic 

catheter application. 

 

77 small instead of smallest. 

Response: Thank you for your comment. We have changed smallest to small. 

 

81 switch offers and therefore 

Response: Thank you for this comment. We have switched offers and therefore. 

 

106 one pair of fine scissors 

Response: Thank you. We have changed it accordingly. 

 

136 Be consistent. Use light protection tube here and later on say brown tube. 

Response: Thank you for bringing this up. We have changed it to brown tube. 

 

142 Not completely clear what it is to "over-expand the head of the of the mouse with a tape" 

is trying to say. I believe the authors are trying to say to hyper-extend the neck of the mouse 

with a piece of tape. 

Response: Thank you for your helpful comment. We have changed it to hyper-extend the 

neck of the mouse with a piece of tape. 

 

170 Unclear what leak tightness is. Authors can explain/reword and describe how you control 

for it. 

Response: Thank you for your helpful comment. We reworded the sentence. “Control for 

tightness of the ligature by careful viewing through the microscope.” 

 

213,215 Which collection timepoint in considered the urine pool. Need to clarify 

Response: The urine pool is a pool of urine that has been collected from healthy mice in a 

12-24 hour urine collection in a metabolic cage.  

 

222 The use of respectively here may be incorrect. 

Response: Thank you for your comment. We have deleted respectively. 

 

215 Which collection timepoint in considered the urine pool. Need to clarify 

Response: The urine pool is a pool of urine that has been collected from healthy mice in a 
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12-24 hour urine collection in a metabolic cage.  

 

262 parallel to, not paralleling. 

Response: Thank you for your comment. We have changed “paralleling” in line 268 into 

“parallel to”. 

 

269 parallel to the murine spine, not paralleling 

Response: Thank you for your helpful comment. We changed it as indicated. 

 

292 use the singular, i.e. mouse. Not mice. 

Response: We have changed mice into mouse. 

 

305 "is aligning" should be, "is aligned to the murine spine". 

Response: We have changed it as indicated. 

 

313-314 This sentence is not clear and should also be two sentences. 

Response: Thank you for this comment. As we have performed new fluorescence scans and 

changed the figure legends accordingly. 

 

321 "FITC-ficoll 70 levels before". Before what? 

Response: Thank you for your comment. FITC-Ficoll 70 levels before the begin of Ang II 

stimulation. 

 

343 Lubrication should be used, not lubrification. 

Response: Thank you. We have changed it to lubrication. 

 

353 No comma needed after essential. 

Response: The comma was removed. 

 

372 Redundant saying "applied used". 

Response: Thank you. Used was eliminated. 

 

378 "enhance" should be "enhances" 

Response: Thank you for this comment. We have changed “Increases in blood pressure 

enhance” to “Increase in blood pressure enhances”. 
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Reviewer #3 

Major concerns: 

1. The authors should use unlabeled ficoll as a control. Hence parallel mice treated without 

the fluorescent-label would provide a more accurate baseline for before and after 

permeability is induced, in this case by AngII. The unlabeled ficoll trace would then be 

subtracted from all the labeled experimental samples. 

Response: Thank you for your helpful comment. We have performed additional mouse 

experiments with unlabeled Ficoll-70 as controls. Fluorescence/creatinine measurements do 

not show significant differences in mice treated with FITC-Ficoll. Please see figure 4C.  

 

2. In the same context I would suggest to dilute the samples accordingly so that the peaks 

can be accurately measured. 

Response: Thank you for this well taken point. We have repeated the fluorescence scan of 

with urine pool probes (diluted 1:10 and 1:20 in PBS) and urine pool probes (1:10 in PBS) 

with increasing concentrations of FITC-Ficoll 70 (see figure 3 B+C). Figure 3B depicts the 

diluted urine pool fluorescence intensity depending on the wavelength. The peak auto 

fluorescence of the urine pool is at 365 nm. Figure 3C shows the peak fluorescence of urine 

at 365 nm and the FITC-Ficoll 70 fluorescence peak at 525 nm. Figure 3D shows only the 

FITC-Ficoll 70 fluorescence peak at 525 nm. Different concentrations of FITC-Ficoll 70 show 

increased fluorescence intensity measured with an emission at 525 nm (Figure 3E). 

 

3. Where is the urine peak (~395nm) in Figure 3C? 

Response: The autofluorescence urine peak is found at 365 nm. 

 

4. Authors should indicate whether mice were sacrificed at the end of the procedure and how 

this was done. 

Response: Thank you for pointing this out. Mice were sacrificed by decapitation in 

anesthesia. 

 

Minor concerns: 

1. Figure 2. I find this figure not very informative. I suppose the video will address this, 

however a sketch diagram would be more effective here. 

Response: Thank you for pointing this out. We have created a sketch diagram but feel that 

our art skills are not very elaborate. We therefore suggest to provide this figure within the 

supplemental material. 
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2. Figure 3. Use the same scale and increase font size. 

Response: Thank you for bringing this up. As we have performed new experiments, figure 3 

was changed. We have used the same scale and increased the font size. 

 

Yours Sincerely, 

 

Lorenz Sellin , MD 
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